The results suggest that the capital ratio, loan ratio, non-performing loans, provisions for loan losses, fixed assets, return of equity, ratio of interest income to interest expenses, and ratio of non-interest income to non-interest expenses all had different correlations to the financial distress experienced by banks that were at a business life cycle stage. The logistic model employed in this study for predicting bank failure explains most of the banking trends in NIC banks at the declining stage. The accuracy of G8 banks at the growth stage performed well, whereas NIC banks at the declining stage performed poorly.
are born, grow, age, and die and, as such, have their own individual life cycles (Adizes, [3] ). In addition, various literature has described how an enterprise can experience financial distress at different stages throughout its life cycle (Cao and Chen, [4] ), such as at the start-up stage (Mahmood, [5] ; Esteve-Perez and Manez-Castillejo, [6] ; Xiaohong et al. [7] . Bruderl et al. [8] ; Strotmann, [9] ; Freeman et al. [10] ; Bruderl and Schussler, [11] ; Fichman and Levinthal, [12] ; Lucas, [13] ; Mata and Portugal, [14] ), growth stage (Cooper et al. [15] ; Landier and Thesmar, [16] ), mature stage (Filatotchev et al. [17] ; Jensen, [18] ; Jensen, [19] ; Claessens et al. [20] ; Faccio et al. [21] ; Blum, [22] ), or declining stage (Adizes, [23] ; Cao et al. [2] ). Overall, the relationship between the business life cycle and business failure is considerable. Huang et al. [1] first analyzed regional group early warning systems for bank finances and reviewed results derived from financial ratios. However, they did not conduct interviews on the business life cycle in bank failure prediction models. This is crucial because a business life cycle not only affects business strategy but also business bankruptcy. Few previous studies have addressed this area of banking; therefore, we developed a bank failure model according to the standard business life cycle to allow bankers to make appropriate decisions at various life cycle stages to prevent bank failure. We then compared the early warning indicators of bank failures in the Organization for Economic Co-operation and Development (OECD), North America Free Trade Area (NAFTA), Association of Southeast Asian Nations (ASEAN), European Union (EU), Newly industrialized country (NIC), G20, G8 based on the logistic model (i.e., the variables that were statistically significant in the model were based on each model).
The purpose of our study is to use the logistic model to investigate the determinants of bank failures at different business life cycle stages. The remainder of the paper is organized as follows. Section 2 presents a brief review of the related literature. Section 3 provides details of the research design and sample selection procedure and develops our alternative model. Section 4 presents our empirical findings. Section 5 contains a summary and conclusions.
Literature Review
Cao et al. [2] proposed a novel multiple-classifier ensemble model based on the firm life cycle and the Choquet integral for financial distress prediction (named MCELCCH). An empirical study based on the real data of Chinese-listed companies was conducted and the results showed that the MCELCCH model demonstrates higher prediction accuracy than single classifiers do. Moreover, to verify the prediction capability of the firm life cycle and the Choquet integral in the financial distress prediction model, a comparative analysis was conducted. The experiment results indicate that the introduction of a firm life cycle and the Choquet integral in financial distress prediction can greatly enhance prediction accuracy.
Cao and Chen [4] they implemented the simulation model in four specific cases that were at the start-up, growth, mature, and declining life cycle stages, respectively. Because smaller enterprises at the start-up stage commonly lack scale advantages, they employ less capable managers, face greater difficulties in financing, and thus have a higher probability of financial distress. Financial distress is also influenced by specific sector factors, such as the industry's size, growth rate, entering rate, technology regime, and minimum efficient scales, all of which considerably influence on the probability that an enterprise will fall into financial distress.
When an enterprise arrives at the growth stage, the risk of financial distress is greatly reduced. Generally, serious financial distress breaking out at the growth stage is quite rare. However, there is a main risk that can cause an enterprise at the growth stage to fall into financial distress, namely overconfidence. These types of enterprises have successively survived the start-up stages. Consequently, a rise in confidence accompanies them at the growth stage. To enhance both the business status of their enterprise and their own individual reputations, ambitious entrepreneurs have an impulsive tendency to attempt to expand the enterprise's scale and often overestimate the demand for expedited market growth of their products. This occurs despite the limited experience and business capabilities of their enterprise. Although the expansions the enterprise undergoes are often inspiring, they present two main faults that lead the enterprise to fall into financial distress. First, most of these expansions are funded by credit financing.
According to the MM theorem, the cost of debt financing is less than that of equity financing; hence, a majority of growth stage enterprises tend to rely on debt financing to sustain their expansion. However, these same enterprises commonly ignore the recessive cost of bankruptcy when adopting this form of financing.
Once the external environment changes for the worst, or the market for the product does not develop as well as the managers had expected, the excessive debt may cause the enterprise to fall into financial distress. Second, because the enterprise is expanding rapidly, management may not be able to keep up with and control forces driving the expansion, which may lead to lower quality products, high expenses, and more internal conflict. Thus, although the enterprise grows in scale and amount of sales, even achieving a high growth rate, its core competitiveness is reduced, thus affecting the enterprise's financial situation to such an extent that it may eventually fall into financial distress. Overconfidence is the most critical factor that causes these growth stage enterprises to fall into financial distress. behavior of controlling shareholders may emerge, including: excessive internal expense; over-investment and blind diversification; capital occupation by major shareholders; over guarantee given to clients; and frequent related-party transactions, to name a few. Such behaviors usually result in operational instability and the decline in value of the enterprise. In more serious cases, the enterprise's financial situation may worsen to the point where it arrives at a declining stage, thereby exposing itself to the risk of falling into financial distress. In addition, the enterprise may suddenly encounter fierce competition or imitation or substitute products may appear on the market. Still larger forces may conspire against an enterprise such as an economic recession or a cyclical downturn in the industry. Because of any one of these forces, an enterprise's product life cycle in the market may come to an end (Cao and Chen, [4] ). Unfortunately, many enterprises are often unaware of changes that occur in business because of rigid internal mechanisms at work. Only when the enterprise's sales figures start to drop to the point where the enterprise's financial situation is affected does awareness begin to emerge. In response, the enterprise urgently tries to develop new products to gain a new source of profit. Conversely, for the sake of flexibility or innovation, the enterprise may undergo a large-scale organizational restructuring, which typically consumes a large amount of resources. At the declining stage of an enterprise, its profitability structure may lack the effective support offered by a follow-up product. As a result, the enterprise's financial situation may continue to worsen until the enterprise falls into financial distress (Cao and Chen, [4] ).
The causes of financial distress of enterprises at the start-up stage are frequently the topics in industrial organization theory and organizational ecology theory (Mahmood, [5] ; Esteve-Perez and Manez-Castillejo, [6] ; Xiaohong et al. [7] ). Industry organization literature has identified many factors that affect a start-up enterprise's failure and can be classified into three areas: entrepreneurship, the specific nature of the enterprise itself, and internal business factors such as the business cycle or sectorial and regional issues (Bruderl et al. [8] ; Strotmann, [9] ). The determinants in entrepreneurial leverage commonly include gender, age, professional background, educational attainment, and other identifying characteristics (Abdesselam et al. [24] ). Most of these abstract qualities indicate the entrepreneur's experience and ability in related industries and management. Considering determinants of financial distress, some literature has investigated the relationship between an enterprise's age (i.e., its accumulated experiences and resources) and the likelihood of financial distress. (Freeman et al., [10] ; Bruderl and Schussler, [11] ; Fichman and Levinthal, [12] ). In addition to age, the size of the start-up enterprise is also a critical factor that can cause financial distress (Lucas, [13] ; Mata and Portugal, [14] at the growth stage of an enterprise. Among entrepreneurs, the phenomenon of overconfidence is especially common (Cooper et al. [15] ; Landier and Thesmar, [16] ). However, as the enterprise matures, problems in corporate governance become the main risks that lead an enterprise into financial distress (Filatotchev et al. [17] ). The free cash flow hypothesis states that, as the organization matures potential conflicts between principals and agents become more serious (Jensen, [18] ; Jensen, [19] ). In much of Europe, East Asia, and Southeast Asia, where the enterprise's equity is highly concentrated, the enterprise's controlling shareholder may hollow out the company's assets through "tunnel acts" and greatly injure the interests of medium and small shareholders (Claessens et al. [20] ; Faccio et al. [21] ). At the declining stage, at a point when the enterprise's organizational structure has become very rigid and the corporate culture has become so conservative that ability or inclination to innovate has greatly diminished, the enterprise may find it difficult, if not impossible, to develop another successful product (Adizes, [23] ).
By comparison, Cao et al. [2] present an approach that uses back propagation neural networks and the rough set theory to provide an early warning for enterprises falling to a declining stage. The approach is based on the data of the T-0, T-1, and T-2 years prior to the firm falling into a decline. For the period T-0 models, the return on equity, management expense ratio, receivables turnover, fixed assets turnover, year-on-year growth rate of the main business income, asset-liability ratio, and net debt/net assets are selected as potential predictor variables. These belong to five aspects of profitability and quality, period expense management ability, asset management ability, growth ability, and solvency. For the period T-1 models, the return on equity, EBITDA/main business income, management expense ratio, current assets turnover, year-on-year growth rate of main business income, year-on-year growth rate of net profit, asset-liability ratio, and fixed assets/total assets are selected as potential predictor variables. They belong to six aspects of profitability and quality, period expense management ability, asset management ability, growth ability, solvency, and asset constitution. For the period T-2 models, the net sales margin, main business profit margins, management expense ratio, total assets turnover, year-on-year growth rate of main business income, year-on-year growth rate of total assets, and fixed assets/total assets are selected as potential predictor variables. They belong to five aspects of profitability and quality, period expense management ability, asset management ability, growth ability, and asset constitution. Lin et al. (2013) also studied warning systems that predict when a corporation will fall to a declining stage. The aim of this study is to establish a novel prediction mechanism that combines the sampling technique (i.e., the synthetic minority over sampling technique, or SMOTE), the feature selection ensemble (i.e., original, intersection, and union), the extreme learning machine (ELM) ensemble, and the decision tree (DT).
Regulators monitor banks by conducting on-site examinations of their financial and operational conditions. They determine the safety and soundness of the institution using a five-part rating system, referred to as CAMEL (capital ade- [28]) predict bank failures based on financial ratios. We proposed financial ratios based on publicly available balance and income data (in the call reports) that commercial banks must report to regulatory authorities. Several characteristics of these data reflect the soundness of a commercial bank. Zhao et al. [29] suggested that financial ratios are effective variables for predicting and explaining bank failures. Several previous studies have investigated various financial ratios: 1) cash flow to loans (Ravi and Pramodh [30] ; Chauhan et al. [31] ); 2) interest expense to average assets (Canbas et al. [34] ; Ravi and Pramodh [30] ; Chauhan et al. [31] ); 3) net income to equity (Olmeda and Fernandez [33] ; Ravi and Pramodh [30] ;
Chauhan et al. [31] ); 4) retained earnings to assets (Cielen et al. [34] ; Chauhan et al. [31] ), 5) current assets to assets (Olmeda and Fernandez [33] ; Ravi and Pramodh [32] ); and 6) the quick ratio (Cielen et al. [34] ; Canbas et al. [32] ).
Methodology
Financial ratios were used to predict financial distress in the banking industry, 
Business Life Cycle
The purpose of our study is use the logistic model to investigate the determinants of bank failure at different business life cycles. As such, we followed Dickinson [35] . The study uses cash flow to measure the business life cycle. Thus, cash flow from both operating activities and financing activities attains a positive value and business continues the investment of capital. In addition, at the mature stage, operating activities' cash flow maintains a positive value even though corporate's net profit has decreased. Thus, the cash flow from financing activities has decreased to a negative value. Finally, at the declining stage, corporate's net profit and sales have also decreased, causing cash flow from operating activities to fall to a negative value. We set up the business life cycle as follows:
1) Start-up stage: Cash flow from operating activities has a negative value and cash flow from financing activities has a positive value at t Time.
2) Growth stage: Cash flow from operating activities has a positive value and cash flow from financing activities has a positive value at t Time.
3) Mature stage: Cash flow from operating activities has a positive value and cash flow from financing activities has a negative value at t Time.
4) Declining stage: Cash flow from operating activities has a negative value
and net profit and sales have also decreased at t Time.
Dependent Variables: Failures
The definitions of financial distress are inconclusive, but they are primarily based on financial statements. This study is followed by Cao and Chen [4] , who reported that when net profits are negative and cash flows are insufficient to cover the debt (cash flows < debt), the enterprise inevitably falls into financial distress. At the start-up stage, the value of the dummy variable is 1, and 0 is the contrary. By contrast, when the current assets are not great enough to repay the debt (current assets < debt), the enterprise inevitably falls into financial distress.
At the growth stage, the value of the dummy variable is 1, and 0 is the contrary.
In addition, when sales decline and the free cash flow is insufficient to cover the enterprise's debt (free cash flow < debt), the enterprise falls into financial distress. At the mature stage, the value of the dummy variable is again 1, and 0 is the contrary. Compared with the above solutions, when the labor costs decrease and cash flows decline, the enterprise falls into financial distress. At the declining stage, the value of the dummy variable is 1, and 0 is the contrary.
Independent Variables: Financial Ratios
Previous studies have indicated that healthy banks had lower loan to asset ratios, higher net profit to average equity ratios, and higher fixed asset to long liability ratios (Boyacioglu et al. [36] ). Yildiz and Akkoc [37] 
Control Variables: Macroeconomic Factors (from AREMOS Database)
We incorporated macroeconomic variables into the model, and identified the channels through which macroeconomic shocks contribute to bank failures. However, Männasoo and Mayes [40] showed that increasing inflation is a crucial factor accompanying bank distress.
Empirical Model
The study used the logistic method. The proxy variables are as follows: 
Performance Measures
A more detailed performance analysis was conducted regarding the proposed logistic methods, and their accuracy was obtained using Equation 1. Classification performance is typically presented using a confusion matrix as shown in Table 1 , where TP is true positive, TN is true negative, FP is false positive, and FN is false negative. If a bankrupt firm is classified as bankrupt, then it is considered TP. By contrast, if a non-bankrupt firm is classified as non bankrupt, then it is considered TN. Any non-bankrupt firm that is classified as bankrupt produces a FP and any bankrupt firm that is classified as a non-bankrupt firm produces an FN (Divsalar et al. [41] ). capital ratios in these countries all exceed 6%, with NAFTA at 12% (highest) and NIC at 8.5% (lowest). Loans compared to assets ranged from 37% to 44%, non-performing loans compared to loans averaged approximately 40%, and provision for loan losses compared to loans averaged from 42% to 50%. These results indicated that credit policies were robust and stable, and appropriate loan losses are a suitable measure for risk management.
Results

Descriptive Statistics
In addition, fixed assets compared to long liabilities were more than 50% in OECD and NAFTA, indicating that long liabilities were primarily used to purchase fixed assets, thereby adversely affecting capital movement. The return of equity had a positive value for all groups, with the EU at 16% (the highest), and the G8 at 8% (the lowest). The operating items (e.g., charging clients with interest on loans to pay interest on deposits) of banks had a positive value (interest income to interest expenses >100%), with the NIC at 169% (the highest) and the OECD at 127% (the lowest). In addition, the non-operating items (irrespective of the payment or collection of interest on deposits and loans) of banks also had a positive value (non-interest income to non-interest expenses > 100%), with the OECD at 140% (the highest) and NAFTA at 117% (the lowest), indicating that these two items were bank profit sources.
Compared to these variables, the change in real gross domestic product had a positive value in the ASEAN and NIC, indicating that these two groups experienced economic growth; however, the OECD had a negative value (the lowest of the seven groups), indicating an economic recession. Furthermore, the fluctuation of the stock index was lower in the G20, thereby demonstrating a steady capital market. The NIC showed higher fluctuations in the stock index, indicating that economic growth in the group caused capital from various countries to flow into the stock market or that transaction and exchange systems were incomplete. The consumer price index in the NIC was high, indicating that the NIC experienced economic growth and product demand increased. Table 3 shows that the capital ratio was significantly and negatively correlated to financial distress in OECD, ASEAN and G8 banks. These results are consistent with those of Serrano-Cinca and Gutiérrez-Nieto [38] . The loan ratio was significantly positively correlated to financial distress in OECD banks, which is [36] . Non-performing loans were significantly and positively correlated to financial distress in OECD, and G20 banks, and these results were consistent with the results of Yildiz and Akkoc [37] .
Empirical Test
1) Start-up stage
Conversely, loan loss provisions were significantly and negatively correlated to financial distress in NAFTA and ASEAN banks. These results were not consistent with those presented by Yildiz and Akkoc [37] . However, loan loss provisions were significantly and positively correlated to financial distress in EU, G20
and G8 banks. Fixed assets (Fixed assets to long liability) had a significantly positive correlation with financial distress in the NAFTA, ASEAN and G20 banks.
These results were not consistent with those of Boyacioglu et al. [36] . Return of equity had a significantly negative correlation to financial distress in EU and NIC banks, and these results were consistent with those of Boyacioglu et al. [36] .
Interest income to interest expense ratios were significantly and negatively correlated to financial distress in OECD banks. And non-interest income to non-interest expense ratios were significantly and negatively correlated to financial distress in ASEAN and G8 banks. These results were consistent with those of Yildiz and Akkoc [37] .
Regarding macroeconomic factors, the changes in real gross domestic product, the volatility of the stock index, and the consumer product index all had different relationships in the seven regional nationals banking sectors. For example, changes in real gross domestic product showed a significant positive correlation with financial distress in the OECD banks. Conversely, the volatility of the stock index had a significant positive correlation to financial distress in OECD and G8
banks, a significant negative correlation to financial distress in G20 banks, and a non-significant relationship with financial distress in NAFTA, ASEAN, EU and NIC banks. In addition, the consumer product index was significantly and positively correlated to financial distress in NAFTA banks.
The optimal results for the explicit equation of the logistic model regarding banking financial distress in regional groups can be expressed using the following financial variables. OECD bank variables are ranked from Tier 1 (core) capital to average asset ratios, loan to asset ratios, non-performing loan to loan ratios, interest income to interest expense ratios. NAFTA bank variables are ranked from provisions for loan losses to loan ratios, fixed asset to long liability ratios.
ASEAN bank variables are ranked from Tier 1 (core) capital to average asset ratios, provisions for loan losses to loan ratios, fixed asset to long liability ratios, non-interest income to non-interest expense ratios. EU bank variables are ranked from provisions for loan losses to loan ratios, ROE. NIC bank variables are ranked from ROE. G20 bank variables are ranked from non-performing loan to loan ratios, provisions for loan losses to loan ratios, fixed asset to long liability ratios.
G8 bank variables are ranked from Tier 1 (core) capital to average asset ratios, provisions for loan losses to loan ratios, non-interest income to non-interest expense ratios. In addition, the variance inflation factors of variables were smaller than 10 in our logistic model, indicating that the related variables were not collinear (The results were omitted to save space). According to the Cox & Snell R 2 and the Nagelkerke R 2 , the OECD banks have a higher ability to explain the bank failure model proposed in this study, whereas EU banks have a lower ability to explain the model. Table 4 shows that the capital ratio was significantly and negatively correlated to financial distress in NAFTA, ASEAN and G20 banks. These results are consistent with those of Serrano-Cinca and Gutiérrez-Nieto [38] . The loan ratio was significantly positively correlated to financial distress in EU and NIC banks, which is consistent with the results derived by Boyacioglu et al. [36] ). Non-performing loans were significantly and positively correlated to financial distress in OECD, and NAFTA banks and these results were consistent with the results of Yildiz and Akkoc [37] . Loan loss provisions were significantly and positively correlated to financial distress in EU and G8 banks. These results were consistent with those presented by Yildiz and Akkoc [37] . Fixed assets had a significantly positive correlation with financial distress in the EU, NIC and G8 banks. These results were not consistent with those of Boyacioglu et al. [36] . Return of equity had a significantly negative correlation to financial distress in OECD, EU and G8 banks, and [36] . Interest income to interest expense ratios were significantly and negatively correlated to financial distress in OECD, ASEAN, NIC, G20, and G8 banks; and non-interest income to non-interest expense ratios were significantly and negatively correlated to financial distress in the ASEAN and G8 banks. These results were consistent with those of Yildiz and Akkoc [37] .
2) Growth stage
Regarding macroeconomic factors, the changes in real gross domestic product, the volatility of the stock index, and the consumer product index all had different relationships in the seven regional nationals banking sectors. For example, changes in real gross domestic product showed a significant positive correlation with financial distress in the EU and G8 banks. Conversely, the volatility of the stock index had a significantly positive correlation to financial distress in NIC banks and an insignificant relationship to financial distress in OECD, NAFTA, ASEAN, EU, G20, and G8 banks. In addition, the consumer product index was insignificantly correlated to financial distress.
The optimal results for the explicit equation of the logistic model regarding banking financial distress in regional groups can be expressed using the following financial variables. OECD bank variables are ranked from non-performing loan to loan ratios, ROE, interest income to interest expense ratios. NAFTA bank variables are ranked from Tier 1 (core) capital to average asset ratios, non-performing loan to loan ratios. ASEAN bank variables are ranked from Tier 1 (core) capital to average asset ratios, interest income to interest expense ratios, non-interest income to non-interest expense ratios. EU bank variables are ranked from loan to asset ratios, provisions for loan losses to loan ratios, fixed asset to long liability ratios, ROE. NIC bank variables are ranked from loan to asset ratios, fixed asset to long liability ratios, interest income to interest expense ratios. G20 bank variables are ranked from Tier 1 (core) capital to average asset ratios, interest income to interest expense ratios. G8 bank variables are ranked from provisions for loan losses to loan ratios, fixed asset to long liability ratios, ROE, interest income to interest expense ratios, non-interest income to non-interest expense ratios. In addition, the variance inflation factors of variables were smaller than 10 in our logistic model, indicating that the related variables were not collinear. According to the Cox & Snell R 2 and the Nagelkerke R 2 , the OECD banks have a higher ability to explain the bank failure model proposed in this study, whereas NAFTA banks have a lower ability to explain the model.
3) Mature stage Table 5 shows that the capital ratio was significantly and negatively correlated to financial distress in OECD and EU banks. These results are consistent with those of Serrano-Cinca and Gutiérrez-Nieto [38] . The loan ratio was significantly positively correlated to financial distress in ASEAN banks, which is consistent with the results derived by Boyacioglu et al. [36] . Non-performing loans were significantly and positively correlated to financial distress in NIC and G8 banks, *p-value < 0.1, **p-value < 0.05, ***p-value < 0.01.
and these results were consistent with the results of Yildiz and Akkoc [37] .
Loan loss provisions were significantly and negatively correlated to financial distress in ASEAN banks. These results were not consistent with those presented by Yildiz and Akkoc [37] . However, loan loss provisions were significantly and positively correlated to financial distress in NAFTA, EU and NIC banks. Fixed assets had a significantly positive correlation with financial distress in the NAFTA, ASEAN banks. These results were not consistent with those of Boyacioglu et al. [36] . Return of equity had a significantly negative correlation to financial distress in ASEAN, EU, NIC and G8 banks, and these results were consistent with those of Boyacioglu et al. (2009) . Interest income to interest expense ratios were significantly and negatively correlated to financial distress in EU, G20, and G8 banks and non-interest income to non-interest expense ratios were significantly and negatively correlated to financial distress in OECD, NAFTA, EU, NIC, and G20 banks. These results were consistent with those of Yildiz and Akkoc [37] .
Regarding macroeconomic factors, the changes in real gross domestic product, the volatility of the stock index, and the consumer product index all had different relationships in the seven regional nationals banking sectors. For example, changes in real gross domestic product showed a significant positive correlation with financial distress in the OECD, NAFTA, EU and G8 banks. Conversely, the volatility of the stock index had a significant positive correlation to financial distress in NIC banks and a non-significant relationship with financial distress in OECD, NAFTA, ASEAN, EU, G20 and G8 banks. In addition, the consumer product index was insignificantly correlated to financial distress. The optimal results for the explicit equation of the logistic model regarding banking financial distress in regional groups can be expressed using the following financial variables. OECD bank variables are ranked from Tier 1 (core) capital to average asset ratios, non-interest income to non-interest expense ratios. NAFTA bank variables are ranked from provisions for loan losses to loan ratios, fixed asset to long liability ratios, non-interest income to non-interest expense ratios. ASEAN bank variables are ranked from loan to asset ratios, provisions for loan losses to loan ratios, fixed asset to long liability ratios, ROE. EU bank variables are ranked from Tier 1 (core) capital to average asset ratios, provisions for loan losses to loan ratios, ROE, interest income to interest expense ratios, non-interest income to non-interest expense ratios. NIC bank variables are ranked from non-performing loan to loan ratios, provisions for loan losses to loan ratios, ROE, non-interest income to non-interest expense ratios. G20 bank variables are ranked from interest income to interest expense ratios, non-interest income to non-interest expense ratios. G8 bank variables are ranked from non-performing loan to loan ratios, ROE, interest income to interest expense ratios. In addition, the variance inflation factors of variables were smaller than 10 in our logistic model, indicating that the related variables were not collinear.
According to the Cox & Snell R 2 and the Nagelkerke R 2 , the G8 banks have a higher ability to explain the bank failure model proposed in this study, whereas ASEAN banks have a lower ability to explain the model. 4) Declining stage Table 6 shows that the capital ratio was significantly and negatively correlated to financial distress in OECD banks. These results are consistent with those of Serrano-Cinca and Gutiérrez-Nieto [38] . The loan ratio was insignificantly correlated to financial distress, which is not consistent with the results derived from Boyacioglu et al. [36] . Non-performing loans were significantly and positively correlated to financial distress in NIC banks, and these results were consistent with the results of Yildiz and Akkoc [37] . Loan loss provisions were significantly and positively correlated to financial distress in ASEAN banks. These results were consistent with those presented by Yildiz and Akkoc [37] . Fixed assets had a significantly positive correlation with financial distress in the NAFTA banks.
These results were not consistent with those of Boyacioglu et al. [36] . Return of equity had a significantly negative correlation to financial distress in OECD and ASEAN banks, and these results were consistent with those of Boyacioglu et al. [36] . Interest income to interest expense ratios were significantly and negatively correlated to financial distress in NAFTA, ASEAN, EU, NIC, G20, and G8 banks. And non-interest income to non-interest expense ratios were significantly and negatively correlated to financial distress in OECD, ASEAN, EU, NIC, and G8 banks. These results were consistent with those of Yildiz and Akkoc [37] .
Regarding macroeconomic factors, the changes in real gross domestic product, the volatility of the stock index, and the consumer product index all had different relationships in the seven regional nationals banking sectors. For example, changes in real gross domestic product showed a significant positive correlation with financial distress in the OECD and ASEAN banks. Conversely, the volatility of the stock index and the consumer product index had an insignificant relationship to financial distress in banks.
The optimal results for the explicit equation of the logistic model regarding banking financial distress in regional groups can be expressed using the following financial variables. OECD bank variables are ranked from Tier 1 (core) capital to average asset ratios, ROE, non-interest income to non-interest expense ratios. NAFTA bank variables are ranked from fixed asset to long liability ratios, interest income to interest expense ratios. ASEAN bank variables are ranked from provisions for loan losses to loan ratios, ROE, interest income to interest expense ratios, non-interest income to non-interest expense ratios. EU bank variables are ranked from interest income to interest expense ratios, non-interest income to non-interest expense ratios. NIC bank variables are ranked from non-performing loan to loan ratios, interest income to interest expense ratios, , the NIC banks have a higher ability to explain the bank failure model proposed in this study, whereas NAFTA banks have a lower ability to explain the model.
5) Overall
We demonstrated that healthy finances (capital ratio) do not occur when banks are experiencing financial distress, and greater flexibility in loan policies increases the risk of failure. Loan losses may be included in the expected lending risks of banks and can serve as a measure for risk management in reducing the possibility of financial crises. However, long liabilities are limited by fixed assets (fixed asset to long liability ratios), thereby detrimental to capital movement, and resulting in financial crises. The empirical results also show that when banks focus on primary operating items (interest income to interest expense ratios) or non-primary operating items (non-interest income to non-interest expense ratios), financial distress does not occur. Concerning macroeconomic factors, these results demonstrated the differences in the cultures, laws and regulations, and economic systems under which various groups and different countries operate.
6) Performance analysis of the proposed logistic methods Erdogan (2008) indicated that logistic regression can be used as a part of an early warning system, establishing a cut-off point or level of probability (typically, 0.5) that categorizes a bank as failed. Regarding a more detailed performance analysis of the proposed logistic methods, accuracy was obtained using Equation 1. Table 7 shows the accuracy of the logistic model in OECD, NAFTA, and G20 banks at the start-up stage; in NAFTA, G20, and G8 banks at the growth stage; in OECD and G20 banks at the mature stage; and in ASEAN, EU, G20, and G8 banks at the declining stage. The values were higher than 50%, implying higher accuracy in the model. However, in ASEAN, EU, NIC, and G8 banks at the start-up stage; in OECD, ASEAN, EU, NIC banks at the growth stage; in NAFTA, ASEAN, EU, NIC, and G8 banks at the mature stage; and in OECD, NAFTA, NIC banks at the declining stage, the values were lower than 50%, implying lower OECD banks performed the highest, whereas ASEAN banks performed the lowest. At the growth stage, G8 banks performed the highest, whereas ASEAN banks performed the lowest. At the mature stage, G20 banks performed the highest, whereas G8 banks performed the lowest. Finally, at the declining stage, G8 banks performed the highest, whereas NIC banks performed the lowest.
Conclusions
This study comprised 674 international banks (excluding financial holding companies) and used data from 2002-2012, employing a logistic model to analyze the factors that influence financial early warning systems. The results suggested that the capital ratio, loan ratio, non-performing loans, provisions for loan losses, fixed assets, return of equity, interest income to interest expenses, non-interest income to non-interest expenses all had a different correlation to the financial distress experienced by banks in the OECD, NAFTA, ASEAN, EU, NIC, G20, and G8 banks that were in a business life cycle stage. Thus, the empirical results show that these nationals have different bank-sector environments.
In addition, the logistic model for bank failure prediction in this study explains most of the banking trends in the NIC banks at the declining stage (Cox & Snell R 2 and Nagelkerke R 2 ). Moreover, the accuracy of G8 banks at the growth stage performed the highest, whereas NIC banks at the declining stage performed the lowest.
Most international banks are protected by deposit insurance. In times of financial distress, government interventions can prevent the collapse of banks.
The risk of operating a bank grows with the internationalization of the capital market. The growing role is a financial intermediary, which stabilizes economic order. Forecasting financial distress has three benefits: 1) depositors can diversify their assets to reduce risks; 2) governments can institute regulations and examine insurance to manage the operational risks of banks; and 3) international cooperation can reduce potential financial distress, mitigating the domino effect.
In addition, Erdogan [42] indicated that logistic Regression can be used as a part of an early warning system, establishing a cut off-point or level of probability (typically, 0.5) that categorizes a bank as failed. In this study, we adopted cut-off points under 0.5 to classify bankrupt banks and points greater than 0.5 to classify successful banks; however, this value is frequently used and is subjective, and optimal cut off points should be analyzed in the future. This study demonstrated the determinants of bank failure at different business life cycle stages.
Numerous factors affect financial crisis prediction, such as differences among cultures, national and international laws and regulations, and economic development. Therefore, future studies should examine all relevant factors or devise Y. S. Wang et al.
